Objectives: This study aims to assess the relationship between fibromyalgia syndrome (FMS) and vitiligo in Iraqi patients and evaluate the predictors of this relationship, if present.
Fibromyalgia syndrome is a common, highly disabling syndrome characterized by chronic widespread pain, fatigue, problems in sleep, memory, and mood changes. 1 The etiology of FMS remains unknown. Research highlights some of the biochemical, metabolic, and immunoregulatory abnormalities associated with FMS. 2 Vitiligo is an acquired pigment disorder in which depigmented macules result from the loss of melanocytes from the involved regions of skin and hair. 3 There are many theories concerned with the pathogenesis of vitiligo including the neural theory and neuropeptides, 4 the autoimmune hypothesis, the reactive oxygen species model, zinc-a2-glycoprotein deficiency hypothesis, viral theory, intrinsic theory and biochemical, molecular and cellular alterations accounting for loss of functioning melanocytes in vitiligo. 5 Although FMS is generally regarded as a non-inflammatory and non-autoimmune disease, 6 there are numerous studies confirming the high prevalence of FMS among patients with autoimmune diseases like systemic lupus erythematosus in Iraq 7 and the world, 8 rheumatoid arthritis, 9 psoriatic arthritis, 10 autoimmune thyroid disease, 11 and Behçet's disease. 12 Some studies have investigated FMS incidence in dermatologic disorders such as psoriasis 13 and chronic urticaria. 14 The FMS syndrome is known to cause functional disability and have a negative impact on patient's quality of life. 15 Moreover, depression and/or anxiety are important parameters in criteria for diagnosis of FMS. 16 Vitiligo is associated with high psychiatric comorbidity, major depression, anxiety and adjustment disorder with a negative effect on quality of life, 17 with emotional stress reported as a precipitating factor for many patients with vitiligo. 18 Because FMS and vitiligo share a common pathophysiology and relationship with autoimmunity, psychiatric comorbidity and functional disability; this may suggest the presence of a link between FMS and vitiligo.
To our knowledge, there is no previous study on the relationship between FMS and vitiligo. Therefore, in this study, we aimed to assess the relationship between FMS and vitiligo in Iraqi patients and to evaluate the predictors of this relationship, if present. 2 Patients with vitiligo were fully assessed for their disease including parameters such as type, duration, and severity of disease, which had been measured according to the rule of nines.
PATIENTS AND METHODS
The 2012 Canadian Guidelines criteria were used for the diagnosis of FMS 16 and applied to all vitiligo patients and healthy controls. Participants were questioned about the presence of chronic wide spread pain for at least three months, FMS-associated features; fatigue, sleep disturbances, cognition changes (poor memory) and mood changes (depression or anxiety) with any somatic changes (visceral) such as central nervous system, cardiovascular/respiratory system, gastrointestinal tract, genitourinary tract, ear nose throat or skin symptoms.
Blood sample was obtained for the measurement of hemoglobin, white blood cell count, platelet count, erythrocyte sedimentation rate, blood urea, serum creatinine, serum glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase, serum alkaline phosphatase, serum calcium level, thyroid stimulating hormone and antinuclear antibody if indicated to rule out other diseases that may mimicking or accompanying FMS.
Statistical analysis
Statistical analyses were performed using IBM SPSS version 23.0 (IBM Corp., Armonk, NY, USA) Microsoft Excel 2016. Compliance of quantitative random variables with normal distribution was analyzed using the KolmogorovSmirnov test. All the outcome (response) variables were normally distributed variables. Such variables were described by mean, standard deviation and standard error. The difference in mean between two groups was assessed by t-test. An association between two categorical variables was explored by cross-tabulation. The statistical significance of such associations was assessed by chi-square test. Fisher's exact significance testing was used to explore cross-tabulation between two dichotomous variables, when the conditions for a valid chi-square test were not met (expected iii Fibromyalgia Syndrome and Vitiligo frequencies in less than 20% of cells being less than 5). An estimate was considered statistically significant if its p value was less than an alpha level of significance of 0.05. To measure the strength of the association between two categorical variables, such as the presence of certain risk factors and disease status, the odds ratio (OR) was used. For example, OR for the association between FMS having vitiligo equals the ratio of the odds of having FMS versus lacking it among cases to the similar odds among controls. The statistical significance of the measured OR was assessed by a special chi-square formula.
RESULTS
Mean BMI in FMS patients and controls was 26.1±4.6 kg/m 2 and 25.8±4.2 kg/m 2 , respectively (p=0.54). The females constituted 54% of patients and 63% of controls (p=0.13). There were no statistically significant differences in mean age, BMI, and sex between patients and controls.
As shown in Figure 1 , an obviously higher proportion of patients with vitiligo (12%) had a verified diagnosis of FMS compared to controls (7%), but the difference observed failed to reach the level of statistical significance in the total sample. Vitiligo increased the risk of having FMS by 81%.
The diagnosis of FMS was significantly more common among females with vitiligo (22.2%) compared to none among males with vitiligo (0%) (p<0.05). Therefore, a sex stratified analysis was performed for the association between vitiligo and FMS. When the case-control difference in prevalence rate of FMS was restricted to female sex only, a significantly higher prevalence rate of FMS was found among patients with vitiligo (22.2%) compared to controls (9.5%). The risk of having FMS among patients with vitiligo was significantly increased by 2.71 times compared to controls among females. Among males, on the other hand, no statistically significant difference in prevalence of FMS was observed between patients with vitiligo and controls ( Table 1 ).
All the tested features were either significantly or obviously more frequent among patients with Among the pain-related somatic symptoms, the strongest association was elicited between vitiligo and cardiovascular system symptoms (OR=6.2). Ranked second in magnitude of strength of association was the skin symptoms. Vitiligo significantly increased the risk of having skin symptoms by 4.85 times compared to controls. The risk of central nervous system symptoms, ranked third in this list, was increased by four times compared to healthy controls. In addition, the risk of gastrointestinal tract and genitourinary tract symptoms was increased by more than two times in patients with vitiligo. Finally, the risk of having ear nose throat symptoms was increased by only 60% among vitiligo patients compared to controls.
Since none of the males with vitiligo had FMS, the association between selected characteristics and FMS was tested only among female patients with vitiligo. A severe form of vitiligo among females significantly increased the risk of having FMS by 15 times compared to females with mild to moderate severity of vitiligo (Table 2 ). In addition, receiving phototherapy significantly increased the risk of having FMS by five times compared to females not receiving phototherapy. The use of steroids reduced the risk of having FMS by 2.5 times (inverse of OR=0.4) among females with vitiligo. However, the risk estimate was not statistically significant. The use of immunosuppressants had no statistically significant association with the risk of having FMS.
The highest prevalence rate of FMS was observed among female vitiligo patients aged 25-44 years (35%) and the lowest rate was for those older than 45 years (0%) ( Table 3 ). The association between age and FMS among female vitiligo patients was not statistically significant. BMI showed no statistically significant association with FMS. Increased vitiligo disease duration was associated with higher prevalence rate of FMS (30.4% among those with 10+ years of disease duration compared to 14.3% among those with <2 years of disease duration). The association between disease duration and FMS among female patients with vitiligo was not statistically significant. All FMS diagnoses observed among 
DISCUSSION
To the best of our knowledge, this is the first study to assess the relationship between FMS and vitiligo in Iraqi patients and show a higher prevalence of FMS in patients compared to controls.
The possible mechanisms of FMS in vitiligo may be related to: (i) association of FMS with autoimmune diseases and vitiligo, [7] [8] [9] [10] [11] [19] [20] [21] (ii) triggering by physical trauma, psychological distress or emotional trauma, 3, 15, 22 (iii) depression and/or anxiety, which were reported to be increased in FMS and vitiligo, 16, 23 (iv) genetic, neural theory, and neuropeptides, which were strongly implicated in pathogenesis of FMS and vitiligo. 4, 24 In this study, the prevalence of FMS in vitiligo patients was 12% compared to 7% of controls (OR=1.81, p=0.15), although the result was not statistically significant but clinically important. On the other hand, there is a study that showed that vitiligo was present in 1% of FMS patients and 2% of control group. 25 Considering FMS symptoms, we detected diffuse pain in 34% of vitiligo patients (OR=2) with no comparable previous reports. Fatigue was shown in 46% and sleep disturbances in 33%, which were comparable to the study by Karelson et al., 26 which demonstrated 41% for asthenia and fatigue and 30% for sleep disturbance in vitiligo patients, and exceeded the results in the study of Sharma et al. 27 who showed that 20% of vitiligo patients had sleep disturbance.
In the present study, mood disorders (anxiety and depression) was found in 23% among vitiligo patients compared to controls' 13.5%, which was comparable to the study by Karia et al. 28 who reported 8% for anxiety and 20% for depression.
Cognitive dysfunction (poor memory) was shown in 30% of vitiligo patients compared to the 22.5% of controls.
Regarding somatic symptoms, the strongest association was elicited between vitiligo and cardiovascular system symptoms in 16% (OR=6.2, p=0.001). Vitiligo significantly increased the risk of having skin symptoms by 4.85 times in 35% compared to controls. The risk of central nervous system symptoms were increased by four times (52%) compared to controls (21.5%). In addition, the gastrointestinal and genitourinary tracts symptoms were detected in 32% and 8%, respectively, which were increased by more than 2 times in patients with vitiligo compared to controls. Finally, the risk of having ear nose throat In light of our findings, we may state that in general, all individual FMS parameters were detected more commonly in vitiligo patients compared to controls, while the results were not statistically significant but were clinically important.
An interesting observation in our study was FMS being significantly more common among females with vitiligo (22.2%) compared to none among males with vitiligo (0%). Therefore, a sex stratified analysis was performed for the association between vitiligo and FMS, restricting the difference in prevalence of FMS to female sex only.
In the current study, the highest prevalence of FMS was observed among female vitiligo patients aged 25-44 years (35%) and the lowest rate was for those older than 45 years (0%). However, this association was not statistically significant.
We demonstrated that 56.3% of female vitiligo patients had the severe form, which significantly increased the risk of having FMS by 15 times compared to females with mild or moderate severity vitiligo (9.1%).
In this study, all FMS diagnoses observed among females were non-segmental/generalized form of the disease (26.7%) compared to none among other disease forms. This association failed to reach the level of statistical significance possibly because of our small sample size.
Furthermore, we detected an association between increased vitiligo disease duration and higher prevalence of FMS, although it was not statistically significant.
Females with severe vitiligo who received phototherapy had higher risk of having FMS. Our study showed that the rate of receiving phototherapy was 32.3% compared to 8.7% for not receiving it. Receiving phototherapy significantly increased the risk of having FMS by five times. The explanation behind this may be related to the administration of phototherapy for the severe form of vitiligo.
In this study, the use of steroids reduced the risk of having FMS by 2.5 times (inverse of OR=0.4) among females with vitiligo; however, the association was not statistically significant possibly because of our small sample size.
Body mass index showed no obvious or statistically significant association with FMS in contrast to another study that reported that obesity was associated with an increased risk of FMS. 29 This may be explained by the difference in demographic features of the study population and small sample size.
The main limitation of our study is the small sample size due to the short period of the study. Therefore, studies with larger sample size and longer disease duration are required to further validate the findings of this study.
In conclusion, the prevalence of FMS in a sample of Iraqi patients with vitiligo was 12%. The FMS symptoms in vitiligo patients were obviously more common than controls. There was a significant association between FMS in vitiligo patients and female sex, severe form of vitiligo, and receiving phototherapy. There was no significant association between FMS in vitiligo patients and age, disease duration, type of vitiligo, use of any immunosuppressant or BMI. This may suggest that early diagnosis and monitoring of FMS in vitiligo patients may help in early management and subsequently improve patients' quality of life.
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